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(54) Magnetoresistive memory devices 

(57) .-Magnetoresistive devices are disclosed which 
include a changeable magnetic region within, which at 
least two magnetic states can be imposed; Upon mag- 
neto resistive electrical interaction with the device, the 



. able magnetic, region, and .a. proximate ref erence mag- 
netic region, can be sensed thereby providing a binary 
data storage capability The present invention limits the 
electrical ^interaction to only a preferred portion of the 
Changeable magnetic region e g. , the portion within 
which the two magnetic states can be dependably pre- 
dicted to be substantially uniform, and opposite of one 
another Structures for limiting the electrical interaction 



• Jo this preferred, portion of the changeable magnetic re- 
gion, are disclosed, and include smalletMnteraction re- 
gions, and alternating areas of insulation arid conduc- 
tive,, interaction regions, Vdisppsed j proximate the 

. •changeable magnetic region.. The -prihcipies of the 
;. •. .present . i n vent ion ./.can be applied to magnetic random 

. 'access, memory ;(■ M.RAM"). arrays, which employ giant 
magnetoresistive ("GMR") cells, /pr . magnetic tunnel 
junction ( B MTJ tt ) cells, at the intersections of b jt lines and 
wordlines, and also to magnetic sensors such as-mag- 
netic data storage devices having access elements 
used to access data on a magnetic data storage medi- 
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gf ' ^^criptipn; ' y \. :;-•.;,; . wjth.a stron gp reference for aliening in ,either direction 

... ? : " v \ : along its easy axis (+EA or -EA); and if the reference 

[0001] This invention re^ regionis a,similar elemental magnet but havihga direc- 

cesiof. magnetic devices tion of magnetization fixed in the +E A direction; then tWp 

ic memory ceNs in a magnetic Random s states (and therefore the two possible tOnhelirig^ 

("MRAM"). ance values) are defined for th^p (+EA/+EA) 

. and anti-aligned (-EA/+EA). . : 
Background of the In vention [00.04] An ideal hysteresis loop c 

••..>',.•' nel junction resistance with respect to the applied EA 

[0002] Magnetic Random Access Memory ("MRAM ,, 0 jo field is shown in Fig;2 - Ther^ junc- 
^I^y s -^-?U"^yR?. .^j^JfSfiiliJjl ' • ;tion'can assume one of two';diisiin'ct values with no apr V- 

5,640, 343,. and US 5,650,958,, and depicted in Figs. 1a- : plied stimulus; in regibnV5^ 

b herein, include-^ , tivity of resistance to ap^^^ the easy axis 

g., ceil 9) positioned aUhe^ flipping field strength +/^H^ in regipn 50. If the applied 

2, 3 and bitlines 4>5 I : 6. cell includes a m is easy axis field exceed 

changeable or free regipn-24^ into its' respective high resistance;^ 

reference region 20, arrang tunnel ization of the free region with respect -to the reference 

junction ("MTJ^ deyiqe 8. The principle underlying stor- region) or low resistance (aligned magnetization of the 

age of data in such cells i free region with respect to the. reference, regjon) state, 

ative orientation; otthemag^ 20 [0005] ■ Even if the magnetization pattern of the two re- 

erence regions by changing the- direction ^ . gions forming the tunnel junction is simple, reversing the 

tion along the easy axis ("EA") of the free region; and direction of magnetization ih the free region during writ- 

the ability to thereafter read this rel^^ dif- . ' ing can actually affect one or both regions" in unexpected . 

: f erence: Such arrays are also disclosed. in the following ; ways. Forexample, the reversal bf thefreV 

commonly assigned, concurrently filed U.S.: Patent Ap- 25 .. writing can result ;in the ihclusjoh^pf a rhagnetic vortex' 
: plications: .. • or complex magnetic domain w^ by a defect 

■'" • ; or by edge roughness. Because the junction resistance 

1. Application No ;: 09/021 ,342, fijed;10 February ; depends oh the :dot produ^ 
. 1 998, arid entitled, MAGNETIC MEMCDRY DEVIC over the junction area, inclusion of such complex micro- 

- , ES HAVING MULTIPLE MAGNETIC' TUNNEL 3d. magnetic structures in the magnetizatipn pattern can 

JUNCTIONS THEREIN"; . \ substantially corrupt the measured: tunnel junction re- 

. "'•) •• ;; ' ■ ■■ ' sistance during -reading. ■'•':./ ' •'• "\ 

' 2 :,: Application No.: 09/021:, 515, :fited 10 February [0006] For example; shown in Fig. 3 is the.m 

i998.and entitled; "INTENTIONAL ASYMMFTRV - ^ zation pattern in a free mag region 59 formed sym- 

rh et r ical ly abo ut its easy axis E A i n which a complicated 
wall structure is clearly evident between otherwise ac- 
ceptable magnetiz^ overall 
'magnetization pattern was: attained, from a nominally 
uhifbrmly magnetized sample (both: top bottom lay- 
ers qriginally pointing tp the right); ^ the easy 
axis bias was swept 
to V70Q be: The rey^^ 

complicated structure as the field was swept from +700 
Oe down to about -280 Oe. Fig. 4 is a hysteresis loop . 
depicting the net direction of magnetization averaged 
over the device: versus applied easy a^is field for this 
corrupt sample. The non-square nature of regjon 50, re- 
sulting in a cell which will riot predictably assume either 
on e of its two states u pon the removal of th e easy. axis 
applied field, is due to the evolution of such complex 
micfbmagnetic structures in the : cell. : \: <r s . " 

[0007] Some improvements in this situatibn are pos- 
sible. For -example; in U/Si -Patent -Ap 
09/02 1,51 5 entitled "INTENTIONAL ASYMMETRY IM- 
POSED DURING FABRICATION AND/OR ACCESS 
OF MAGNETIC TUNNEL JUNCTION DEVICES, " the 
present. inventors have disclosed a technique for avoid- 
ing the evolution ; of some of the undesirable micromag- 



IMPOSED DURING FABRICATION AND/OR AC- 3S 
■ ; GESS OF / MAG pfe- 
' VICES"; and 

3. Application No : 09/021,569, filed 10 February 
1998, and entitled, "LIMITING MAGNETIC WRIT-; 40 
IN^ FIELDS TQ ":>' 
CHANGEABLE MAGNETIC REGION IN ^ 
IC DEVICES." : " ;\l 

[0003] More particularly, an MRAM cell is written by 45 
reversing the: free region magnetization using applied 
bi-directional electrical and resultant magnetic stimuli 
: via: its respective bitlihe and word] in e, and is later read ■ 
by measuring; the resultant tunneling resistance be- 
tween .the ; 'biili'ne .:ar>cl vuqf^lihe- ' which .•as^uhi.&s one of M 
two values ciep.eridirig on the relative brientatiori of the 
magnetization of the free region with respect to the ref- ; 

— — - -^ erence region. (The -term reference - region is--used : 

broadly herein to denote any type of region which, in 
cooperation with the free > or changeable ^ region,, results 55- 
in a detectable state of the device as a whole;) If the free 
regionis modeled as a simple elemental magnet having 
a direction of magnetization which is free to rotate but = 
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netic. structures, in typical MRAM cells. Substantial: im- , other structure in the device may. be : an ;e lectrical.inter- 
prpyemehts have been demonstrated, and in the, best.- action region smaller than the first' magnetic layer and 
of cases no.wall.structures.eyolve during the cycling of . arranged, in a conductive relationship to the. preferred 
fields, used for reversing magnetization; However; as . portion of the first magnetic layer, thereby effebting elec- 
shpwn injhe^ free, region 69.of Fig. ;5, /for. even these , : s trica! interaction onjy through the preferred portion of the 
irriprovedjcpnditions.ithere pari still be.a substantial twist* . ; first magnetic layer, and.hpt the remaining portion there-' 
vin -the ^magrietizatibn :pattern-. ; .This* twist idauses- the- un- -., . ... of. The at least one other; structure." in^the. device may 
desirable,, rounded shape in the resistance versus field . . . also comprise ah electrically 

hysteresis loop shown in Fig 6 . : - • , in ah. insulating relationship to the remaining porttpn of 

[0008] Though the probfems (discussed above relate 10 the first magnetic layer, but not the preferred portion 
to magnetic 'tunnel /junction • .devices; ''similar problems^ . ■ thereof, thereby, effecting electrical ; interaction only 
.exist in any magnetic, device^in vWhjchxa maghetoresis- . , through the pref erred port ion : of the : magnetic layer and 
/tive/effect-js;usecl.as a bas1s-fpr;e|e.ctric*al. interact ion ; .(e*. • i f\^;^not4he .remaining portion :therebf;. 
g i giant magnetoresistive ( ,0 GMR") devices). This inter- [0013] The magnetoresistive device can be used as 

action is broadly (referred' to herein as magnetoresistiye : *s/-a. magnetic memory cell in a magrietic-m^mpry, or as. an 
electrical* interaction: \ ' / ; -access element adapted to ^ access data. oh a magnetic 

.-.[0009]' The; non-ideaL behavior in the magnetization data storage medium. / • 

reversal, prop ess in such -devices results in a reduction ' .[001.4]:'. !n another : aspect, \the ..present invention re- 
in the useful parametric window of, ope nation at best, or lates to a method for accessing a magnetoresistjve de- 
a total collapse of the square hysteresis loop necessary . ?o vice having atirst magnetic region changeable into each 
for storage at worst. What is >e;qulredi;;there|o>e,.-is;-an : . . of -two magnetic states. The method includes limiting 
improvement in the. electrical peribrmanee of a well-b f e- - electrical interaction to only: a preferred portion of ;the 
"have.d magnetoresistive device even if the. magnetiza^ . first magnetic region „ and not -,' any remaining portion 
tion patterns in the free region do not uniformly assume thereof The preferred portion of the first magnetic re- 
. a single, one of twopossible directions,- Of magnetization. . : 25\. gjqn cpmprises a region-wherein each pftyvo magnetic 

'- states into which the region is . changeable can be 

Summary of the Invention . './■'. pehdably predicted to be substantially, uniform and op- 

: v ' " ■ ppsite of one another. '. .. .. 

■[001 0] The present inventors have realized that the \ [00.15] The method.may include using an electrical ih- 
.. electrical and. magnetic properties of magneto resistive 30 ..teraction region formed' to effect electrical, interaction 
devices are to some extent separable- The eiectrical in- . \ only through the preferred portion of the first magnetic 
vtefactibh region,, for ^example, ^a. ; iun.nering region, can / region and not the .remaining portion thereof ..This may 
therefore be modified to allow regions thereof to be more be accomplished by forming the interaction region to be 

r dr. less electrically conductive, while leaving the overall. electrically conductive. proximate to the preferred por- 
: magnetic structure and evolution patterns of the device ... 9A . tion of the first magnetic region, and using insulation 
yirtually unchanged, .rThis.-m^pdifjcatibn,,ehabJes. the lim- . formed, to prevent electrical interaction through the re- 
it'^ maining portion of the first magnetic regipn. 
f erred portion of the free magnetic regibh^thereby mln- : ; [0016] ln yet-anpther.aspect t ;the present invention re- 
. imizing or completely ^ ; eliminating; the effebts of the lates to a method for forming a magnetoresistive device, 
ab oy e -d escr i b ed , u nd es i rab I e magh et izat ion patt e rn s i n *9 including forming an electrical interaction region through 
other portions of the free regiori;. which electrical interaction will occur upon access of 
[0011] In that regard, the present invention, in one as-: . ... said device. A first magnetic layer changeable into each 
pect, relates to a magnetpresistive device, having a first . of two magnetic states is formed proximate to, and larg- 
magnetic layer formed in conjunction with at least one er than, the interaction region such that upon sajd ac- 
ot her, structure in- said device, such ^ that; upon , magne- fs cess said electrical interaction .will occur only through a 
tores istive eject ric^a I interactibh therewith, said electrical .preferred portion pf the first magnetic. layer, determined 
interaction (e.g., 1 -'0jectrical..:^tunneljng):--. : . occurs . only ;■ by the resultant position of the interaction region prbxi- 
X h roughest .preferred;; portion r of • th e,i i rst magnet ic lay e r mate tp-which' the f i rst magnetic I aye r is formed , and not 
and not any remaining portion thereof The first magnet- any remaining portion thereof 

ic layer may be changeable into one of at least two sub- so [0017] The formation of the interaction region may m- 
stahtially opposing magnetic states along an axis there- elude decreasing an electrically msulative effect, in a giv- 
of, and the preferred portion of the first magnetic layer en region of an otherwise insulating region thereby form- 

may.be centered about a midpoint of the axis. The pre- . • ing the interaction: region in the given region Decreasing 

f erred portion of the first magnetic lay er.may be less than . . the electrically insuiating . effect in the given region may 
50% of the size. of the first magpetic layer measured in : ; 55 include providing less electrical insulation in the given 
a first lateral dirhensipn paralleltp the axis. region. .... 

[001 2] to limit the electrical interact ion only to the pre- [001 8] The formation of the interaction region may a I - 

f erred portion of the first magnetic layer, the at least one so. include forming electrical insulation in areas at least 
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partially around. the interaction regibn.to prevent electn 
cal interaction in these areas and therefore in the re- 
maining portion of the first magnetic layer The electrical 
Insulation may bb form faff* v 

these areas at least partially -a 

gion, or by ion-implanting these areas to convert the ar- 
eas from an otherwise 1 non-insulating material into an 
insulating material, while isolating the interaction region 
from the iorvimp lant in g, th e reby maintain'ihg ah electri- : 
cally conductive characteristic 6f t V 10 

[001 9] By; limiting electrical interaction- to only a pre- 
ferred pbrtion of the free magnetic region, within which 
the direction and uniformity of the two states of magnet- 
ization can be dependably predicted, the resultant re- 
sistance response, and therefore the overall electrical is 
interaction response, is improved 

Brief Description of the Drawings 

[0020] The subject matter which is regarded as the 20 
' : invention is particularly pointed out and . distinctly 
claimed in the concluding portion of the specification 
The invention, however, both as to organization and 
method of practice, together with further objects and ad- 
vantages thereof, may best be understood by reference 25 
to the following detailed description. of the pref erred em- 
bbd iment(s) an d th e accompanying drawings in wh ich: . . 

Figs. 1a-b depict an M RAM array having a plurality.; 
of magnetic memory cells at the intersections of 30; 
crossing bitlmes and wordlmes, and an individual 
magnetic tuhhel junction r^emory cell; respectively; ' 



Fig. 2 is an ideal hysteresis loop of the measured 
resistance versus applied easy axis field for an ideal 
magnetic tunhei 'juhction device;. : : -y- 



35 



Fig. 3 depicts a magnetization pattern of a sample, •" 

symmetrically formed free magnetic region, having 

a complex micromagnetic wall structure therein, 40 

Fig. 4 is a calculated hysteresis loop of the sample 
region of Fig. 3; "•' ■*"' Y . " : '• Y . 

Fig. 5 depicts an improved magnetization pattern 45 
of a sample free region usin g techniq u es of a relat- 
ed U.S. Patent Application; : ■ ? - 

Fig. 6 is a measured hysteresis loop of the sample 
region of Fig. 5; ; \ , , ; so* 

Fig: 7 again depicts the magnetization pattern of the 
free region btFig. 5, haying super-imposed.theceon 
indicia representing smaller preferred portions; 
where the two pbss ible directions of magnet izatipn "ss. 
can be dependably predicted tb be substantially 
uniform and opposite of one another; '-■ Y 



\ - X Fig; 8:;shbwS threeVmbasured hysteresis loops of 
; the super-imposed regions represented in Fig. 7, 
: . respectively; >' • ■ Y" '^'Yr- •' v-s \\ YY; 

; $ V ; Fig. 9 is 

- tunnel junction device formed in accordance with , 
{he pr^ invention wherein the e^ 
neling is limited to a preferred portion of the free 
magnetic region by using a smaller tunneling re- 
gion, and insulation, positioned proximate thereto; 

•Figs. 1 0a-e depict a first fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inyen- 
tibn; \. : v YYr *\ - : ' - Y '.. Y.'-. ,.. 

Figs. 11 a-e depict a second fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven - 

•tipn; . ; Y' Y- . ' .:" -;v-- \":\ 

Figs. 12a-c depict a third fabrication process for 
forming a magnetic tunnel junction device in ac- 
cordance with the principles of the present inven-' 
. tipn; arid "■ Y v - 

Figs. 1 3a^c depict: a fourth fabricatiph process for 
forming a magnetic tunnel junction^ device in, acY 
■:<.'- ■ cbrdahcewith the principles of the present inven- 
iibn; 1 .•• ' ' • . Y" Y'" : 

Detailed Descript ion of the Pref erred Embodiments 

[0021] The principles of the present invention regard- 
ing the use and formation of magnetoresistive devices 
(e g M magnetic tunnel junctions) in which electrical in- 
teraction^ only occurs through a preferred portion of the 
free magnetic region are discussed below with refer- 
ence to Figs. 7-13 However, by way of background, the 
general principles underlying the formation and opera- 
tion of the magnetic memory array depicted in Figs, la- 
fa are first briefly discussed, in accordance with the 
above-incorporated U S, Patents 5,640,343 "and 
:5,650,958. 

[0022] With reference to Fig. 1a, an exemplary M RAM 
array includes a set of electrically conductive lines that 
function as parallel word lines 1 , 2; and 3 in a horizontal 
plane, and a set of electrically conductive lines that func- 
tion as parallelbit lines 4, 5, and 6 in another horizontal 
plane The bit lines are oriented in a different direction, 
!e;g:; at right angles ^ 

sets of lines intersect when viewed from above. A.mem* 
_o ry c ell i_su ch .as Jypi cal memo ry; celL9 shown, in. d etail 
in Fig. 1b, is located at each crossing point of the word 
iihes and bit lines* in the intersebtiph^region vertically 
s'pacbdv between Kthe^Hh'^rs.. Three* word lines and three 
. bit lines are illustrated in Fi 

would, typically be much larger. The memory cejl 9 is ar- 
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ranged in a vertical stack and may include a diode 7 and. 

a magnetic tunne| junction . (?MTJ n ) 8:. During operation 

of the array^current flows Jri i a verticaLdirectipn through 
' the cell 9. The vertical current paththrbugh the memory 
: cell permits the memory cell to. occupy a very small sur : 
' face area;. C.ontaict to th e word I in es , the . MTJ , th e d ipde , 

and 'the contact to the bit. line, ajl pccupyvthe same area! 
..While not shpwn^^ 

' *a substrate, such as a. silicon "substrate oh which there 
... .would be - other circuitry. Also, a layer, of. insulating ma 1 , .' 

." terial is usually, located betwie^n.the Bit^lines and word : 
lines ait. regions of the MB AM other than the i intersecting : 
regions: -The struct u re of the n^emory cell 9 is. described 

: - in more detail with reference to . Fig l b. The memory 6ell 
9 isvformed.on^and in : contact .with .a. word: line 3 (Fig. 

. .Taj. The memory cell 9 comprises a vertical. stack of a 
diode-like device e.g.. silicon junction diode 7, and an. 
MTJ 8 in electrical series, connection., The diode 7 is, a 
silicon junction diode that comprises an n-type silicon 
. layer lO and a p-type silicon layer 1-1, The diode's p-type 
silicon layer 1 1 is connected to the MTJ 8 via a tungsten 
stud 12 Thediode : s.n-type silicon layer 10 is connected 
to word line 3 

V [0023] , The MTJ 8 may be formed.of a series of layers 
. of. material stacked one'on.lpp of, the other. The MTJ .8 
of Fig 1b comprises a template layer 15, such as Pt. 

. an initial ferromagnetic layer 16 ( such as permalloy 

... (NiFe), an antiferromagnetic layer (AF) 1 8, such as Mn 
Fe : a fixed or "pinned" type of reference ferromagnetic 
I ay e r ( F M F ) 20 s u c h as Co,.. F e . or p e r ma I loy, a t h in t un 
neling barrier layer. 22 of . alumina (AI2O3)- a soft, 
changeable • ^"freeVferromagnetic layer; (FMS) : 24, such 

- : ..as a- sandwich of. thin " CorFe with, permalloy, and a con- 
tact layer 25, such as Pt 

The free layer is fabricated to have a preferred axis for 
the direction of magnetization called the easy axis 
("EA"), There are two possible directions of magnetiza- 
tjon of the free layer along this easy ^axis which define 
. the two states of the memory cell In contrast, the refer- 
ence layer may be fabricated to have only one preferred 
direction of magnetization, called. its unidirectional ani- 

: ; sot ropy direct ion? and this direction is parallel to the easy 
./axis of th e. free lay er. The ; desired easy, axis for the free 
layer is set by some combination of intrinsic anisotropy, 

,, strain-induced anisotropy and shape anisotropy of the 
MTJ The MTJ and free, layer, depicted may be made in 
the shape. of a rectangle, of length L and width W where 
L is larger than W (Fig 1b) The magnetic moment of 
.th; e. f re e Jay e r p refers, to" a | i gri; alpn g - th e. d i r ect i i on of -L. $ 
[0024] The unidirectional anisotropy direction of the 
^reference layer is set by^grpwing the. Fe^Mn. AF . layer i.8 
on the initial ferromagnetic layer 1 6, which is itself grown 

■ • on the template layer 15 . such.as Pt or Cu or. Ta. The 
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temp lat e I ay e r 1 5 in d u c es a; i 11 c rystal lo g ra p h ic t extu re. 
. in .the initial ferromagnetic .layer 1.6. .These layers; are 
depositedin a .magnetic. field directed parallel, to the: de^ ■ 
sired: easy axis ptthe : free . layer, creating the desired 
intrinsic, unidirectional .anisotropy direction of the refer-. 
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ence layer. Alternatively, the.AF layer.can.be deposited 
oh the template layer in a sufficiently large magnetic field 

:■ parallel to.tbe said easy axis while Heatinglhe substrate. 
to a temperature' higher than the. blocking,terhperature: 

. of the AF material. In this alt ;e mat iye,v the -initial ferro^ 
magnetic layer T6.;is^npt required It.is-also ppssible to 
take advantage of the magnetostriction of the fixed layer " 
to- develop,, during. prpcessing,. a magnetic, anisotropy, 

. which aligns. magnetizatidh-along the applied magnetic 

..field.directipn during deppsitiph.: ; . 

. [0025] .; Because of exchange;, coupling between the . 
reference and.AF/layers.' the magnetisation direction bf . 
the reference layer is more ; difficult to change than that 

- of the free layer. In the range of fiQlds applied by currents. 

. through the bit/and word |. lines,. the. magnetization direc-'. 
tion of the reference layer is fixed, or pinned, in this em- 

: bpdiment. Shape .anisotropy of the. reference layer, 
which follows the shape anisotropy of the MTJ ; provides 
additional stability of the magnetization direction of the 
fixed layer. The magnetic fields applied -to write the 
memory cell are large enough to reverse the direction" 
of, magnetization, of \he free iayer, but not. the direction 

; of the reference layer! Thus; the.maghetization of the 
fixed layer does not change direction during operation 
of the memory .cells in ..the MR AM. ... , 
[0026] During array, operation; when a sufficiently 

. large current is passed through, bpth^.a write line and a 
bit line of the MRAM ; the self-fi e l d of the-^mbjpad-cur- 

. rent at the intersection of ffcifc ! write and bit lines will rotate 

Uhe magnetization of the free layer of the single partic- 
ular MTJ .located at the. intersection of the energized 
write and bit lines. The current levels. are : designed so 

. that the combined self field exceeds the switching field, 
of the free layer, this self-field is designed to be much 
smaller than the. field required to rotate the magnetiza- 
tion of the reference layer The cell array architecture is 
designed. so. that; the write. currents do not pass through 
the^MTJ itself The memory cell is read by passing a 
sense current perpendicularly through the diode and 
MTJ from the reference layer through the tunnel junction 
barrier to. the free layer (or vice versa) Since the resist- 
ance of the A1 2 0 3 tunnel barrier is strongly dependent 
on th e t h ic kn ess of th e A I.2P3 layer, app rox i mat e ly var- 
ying exponentially with the thickness of this layer, this 
means that the electrical current largely flows perpen- 
dicularly through the Al 2 0 3 tunnel barrier The probabil 

: ity of a chargeicarrier tunneling across the barrier falls 

. off strongly ^ with, increas ing. A I2O3 thickness so .the only: 
carriers that tunnel across the. junction are those which 
traverse perpendicular to. the junction layer. The state of 

•■ the memory cell is determined by measuring the resist- 

., ance of -the ^ mempry : ceil-wheh a, sense, current, much 

. smaller than the write currents, is passed perpendicu- 
larly through the MTJ. The s elf -fiejd of this sense or read 
. current is negligible and -does not : aff ect , the magnetic 
state. of the memory celL Jhe probability of tunneling of 
'Charge carriers across the.tunriel barrier depends on the 
"relative alignment of the magnetic mpmehts of the free 
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arid the reference layers. The tunneling current is spin 
polarized, which means that the electrical current pass- 
ing from one of the ferromagnetic layers, for example, 
the fixed layer, is predominantly composed of electrons 
v~'"" : of one; spin up 6r spin down, depending on , 

the orientation of th e magri etizatiori of the. f e Fromagh etic 
layer) The degree of spin polarization of the current is 
determined by the electronic band structure of the mag^ 

interface of the ferromagnetic layer with the tunnel bar- 
rier The first ferromagnetic layer tunnel barrier thus acts 
as a spin filter. The probability of tunneling of the charge 
' carriers depends on the availability of electronic states 
of the same spin polarization as the spin polarization of 
the electrical current in the second it ferromagnetic lay- 
er Usually, when the magnetic moment of the second 
ferromagnetic layer is aligned to the magnetic moment 
of the first ferromagnetic layer, there are more available 
electronic states than when the magnetic moment of the 
second ferromagnetic layer is aligned anti-aligned to. 
that of the first ferromagnetic layer Thus the tunneling 
probability of the charge carriers is highest when the 
magnetic moments of both layers are aligned, and is 
lowest when the magnetic moments are anti-aligned. 
When the moments are arranged, neither aligned nor 
anti-aligned, the tunneling probability takes an interme- 
diate. value. Thus; the electrical resistance of the cell de- 
pends bn both the spin polarization of the electrical cur- 
rent and the electronic states in both of the- ferromag- 
netic layers. As a result^ the two possible magnetization 
directions of the free layer uniquely define two possible 
bit states (0 or 1) of the memory cell. 
[0027] In accordance with the present invention, and 
with reference to Fig. 7, exemplary preferred portions 
of the f ree magnetic /region of a cell 69 are identified and 
shown as 25% and 50% of the size of the entire (1 00%) 
• free region measured along its easy axis. These pre- 
' f erred regions may be centered at the midpoint of the 
easy axis, as shown As the magnetization starts to rer 
SVPrsjp.'ih© magnetizat idn 'patterns in the outer edges of 
the free region start to curl up or down However, in .the 
preferred, m iddie region of the free region shown, the 
V = magriefizat tori pattern rerriai n s s u bstant ia I !y parallel to 
, the easy axis Therefore, in accordance with the present 
invention, techniques are disclosed to limit electrical in- 
teraction (e.g, tunneling) through only a preferred por- 
tion of the free magnetic region, e g., the portion in which 
the magnetization pattern can be dependably predicted 
to assume one of two uniform, substantially opposing 
states; substantially parallel to the easy axis. 
[0028] The three "measured hysteresis loops for elec- 
trical tunneling through the respective regions of Fig. 7 
: . : ; • \ are-shbw ri in Fig>8Y As the tunneling :-is i limited from 
; ' 1 00^(curve l^ib>^*fax<ie j'2) and finally to 25% 
r - ^curve-70); the hysteresis loops become more square, 
■ V arid the regions of 

each other. This ; behavior is desirable for compatibility 

.'with standard chip design techniques, in which tdleranc- 

f' . ■./ ■- 



; es for bpe nation must be maintained/ ; V 

• [0029] With refe fence to Fig; 9, exemplary magnetic 
tunnel junction device 109 is shown in which tunneling 
is limited to a preferred portion of free magnetic region 

5 1 24 by using a s rri a 1 1 eft un fie j ing r eg |6n i 22: Reference 
magnetic region 120 may be the same size as the tun- 
: neling region. Any particular structure used to limit elec- 
• ' trical interaction to a preferred portion of free region 124 
is contemplated by the present invention To prevent in- 
to teraction in the regions outside of the preferred portion 
of f ree region 1 24, insulating regions 1 30 1 and 1 30 2 can 
be used (adjacent the tunneling region 122 and the ref- 
erence region 120) which prevent electrical tunneling 
through the remaining portions of layer 124 outside of 
*5 the preferred portion thereof 1 Though Fig. 9 shows lim- 
iting tunneling in the ( direction ;^a>ali_ei"tp;1'he/'easy aLxis, 
tunneling can be similarly limited along any arbitrary ax-; 
es of the free region to thereby limit tunneling to any 
arbitrarily located, but -preferred, pdrtidnypf the free re- 

' 20 gjbh.. ' •' , .;• -; ; : ' v -:- / .'^ \ / 

[0030] Figs. 10-13 represent alternative techniques 
for fabricating the structures required to limit the electri- 
cal tunneling through only the preferred portion of the 
free magnetic region, i ri accqrda n c e w it h t h e/p r e s e n t i h - 
25 ■ vention: It will be under stood by those ski I led in the aft 
that other regions of the magnetic tunnel junction device 
■ . (e.g. , diode 7) can be formed, without departing from the, 
present invention: Such. regions are omitted from Figs. 
.10-13 for clarity. (Throughout these figures the prime ". 
3d "designation is used to denote regions as they exist 
prior to the completion of the process:). 
[0031] A first fabrication embodiment is depicted in 
Figs. lOa-e for. forming magnetic tunnel junction device 
209, With reference to Fi£. 1 0a, reference magnetic re- 
35 gion 220' (e.g., MriFe, NiFe, or any suitable magnetic 
material), tunneling region 222' (e g , Al, AI2O3; fully or 
partially oxidized Al, or Si0 2 ), and free region 224' (e. 
g., NiFe or any suitable magnetic material) are first de- 
. pos ited, over which a mask 200 (s ii itab I e. p hoto resist :' 
40; material) is placed. Areas of those three regions are 
! shown removed by, for exam pie, etching, in Fi g. 1 0b, 
wherein regions under the mask 200 are shown pre- 
served. In Fig. 10c, an overlying layer of insulation is 
formed, forming adjacent regions 230^ and 230 2 V Fig. 
■."-45 • 10d shows the resultant structure 'following the removal 
of mask 200, and its overlying insulation- Layers 220', 
222' and 224- are now surrounded by insulating regions 
: 230^ and 230 2 ' (e.g., Al 2 6 3 or Si0 2 ); A final layer of free, 
-magnetic material is: then deposited dyer -arid beyond 
50 the formed st ack,. thereby resulting in a^lafger, combined" 
magn etically free region 224, as shown in Rig. 1 0e, Tun- 
nel in g th rough cofnb in ed f re e region 224 .is therefore 

• r Jim itedlo an exemplar^ m idd I e ,..p referred. port idnlthe ie?- 
of, according to the smaller turinelirig region 222, arid 

55 the how unjderlyjrig insulating regions 230 1 and 230 2 . 
[0032] A second fabrication embodiment is depicted 
In Fi gs . 1 1 a-e f or f o rm i ri g magri et ic t unri e I junction .d e- 
vice 309. In Fig. 1ta, reference rriagrietic region 320' is 
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deposited, over which a tunneling layer 322* is deposit^ gion 524, as determined by this structure.of mixed con- 
ed, over which mask 300 is placed. In Fig. 1 1b, the stack . ductive/insulating regions. 

of regions 320V 322' and .300 is defined by using,, for . . [0035] Described herein is 'an additive, process which 
example, etching around rpask 300. In Fig. 11c, an. in- - . increases the .insulating characteristics on the sides of 
sulation layer is deposited over the, structure forming in- ,.• s : the preferred tunneling region.. A subtractive approach 
sulating . regions 330^ and 330 2 \ which surround the is also possible in which the electricai .cpnduetivity is in- 
stack oflayers 320* and 322'. In fig. lid, upon removal b , ' creased at the. preferred, portion of the .tunnel junction 
^of^the mask. 300 .and its overlying .insglatlon, tMhneJjhg, ', ;byJmplantetipri i or ifradiatiph. >; 
region 322' remains over. a magnetically reference re- .- ' [0036] . The. masks discussed ate 
: gion~32d\ both' surrounded by. ins plating regions 330,f^ *o.;y purposes* i.e., Jhey could also be part of a bitline so that 
and 330 2 '.i Finailly,. in Fig. iTe,,a free magnetic layer 324 :■; -a self-masking structure is reajized. ; : 
is deposited oyer the! structure, and extends beyond the •■;.' [0037] ^The present embodiment is discussed^ above 
edges pftha^ , : . primarily in connection with . magnetic .tunnel junction 
tunneling region 322', resulting in tunnel junction device ( n MTJ B ) devices. However, the principles of the present 
309, wherein the tunpeiingjpccurs only through the mid- > is invention extend toanytype of magnfetpresistive device; 
dle;,preferred portion. of free magnetic layer 324... Tun-.. for example, giant magnetbresistive ( n GM in 
nelihg is prevented outside of the middle, preferred re which current scattering effects are used to access the 
gipn'by;iris.u|ation regions ,330., and. 330 2 . . , -device. Limiting the. current. interaction 
[0033]. A third fabrication embodiment is. depicted in. C : as of the magnetic regions ^ 
Figs 12a-c for form ing magnetic tunnel junction device 20 improve the overall response of the device 
409. In. Fig 12a, magnetic. reference region 420' is de [0038] Although the invention is disclosed herein pri- 
posited, followed by deposition of a turineling layer com- rnarily in connection with MR AM, /the -improvements dis- 
posing tunneling region. 422'; and an insulating layer, in : closed, herein are also-applicable to/other devices \that 
-terrupted by mask 200, forming adjacent insulating re- could be made from magnetoresistive devices In par- 
g ions 430^ and 430 2 v The material forming region 422', ! 25.. jicular,. these. improve rpents could beapplied to magn et- 
as wejl as regions 430^ and 430 2 ' comprise the same ic devices in general including logic devices and sen- 
insulating material, however, the thinned middle,: pre- . sors such. as 'magnetic recording. heads. > 
ferrep* tunneling region designated 422 1 results in great- .[0039] In that regard, the present invention is applica- 
er electrical conduction in that.regipn jh Fig. 12b, mask ble to sensors in general, e.g., magnetoresistive access 
200 is removed and in its place, in Fig. 12c, magnetk 30. elements mounted on disk drive heads In disk drives, 
cally free region 424 is deposited; beyond the, thinned the - magnetization patterns of. the ^access element are 
tunneling region 42^, such that tunneling bniy occurs. . varied according to, magn etic.fiejds caused by an Under- 
through a middle, preferred portion of magnetically free , lying magnetic data storage moving relative to the ac- 
regi.on ^^. and.^unneling is prevented outside of this cess element. The r.esultant magnetizatjbn in the access 
middle, pref erred regibaby the thicker insulating.regions 7 . -35 . element. is then electrically sensed to determine the rel- 
430 1 and 430 2 ative orientation of the magnetization jn the access ele- 
[0034] A fourth, fabrication .embodiment is depicted in . ment: Sensors often have a reduced sensitivity because 
Figs 13a-c for forming magnetic tunnel junction device of the edges pf the magnetic regions where the magnet- 
509 In Fig 13a, magnetic reference region 520' is.de- ization tends to be locked in a direction parallel to the. 
posited, over which conductive layer 52V is deposited, 40 edge These, areas shunt current away from the active 
formed from, for example, aluminum (Al). Another insu- part pi, the. sensors and reduce its sensitivity In accord 
latmg layer to form tunneling region 522' is then depos ., - ance with the principles of the present invention, using 
ited (or alternatively the Al is only partially oxidized to only preferred portions of the .magnetically changeable 
form the tunneling region 522'). over which the magnet- region in the access element for electrical. tunneling will 
ically free, region 524 -is deposited A protective mask 4S improve the overall electrical and magnetic response of 
500 is defined over the structure. Oxygen ions (0 2 ) 501 1 these access elements 

are then ion-implanted into the structure, arid an anneal [0040] The principles of the present invention can be 
step; results in. regions. 530/ and 530^V formerly alumi- used alone, or in combination with others disclosed in 
num, being converted to insulating AI 2 G> 3 regions How: the above identified, co-filed U S»- Patent Applications 
ever mask 500 absorbs the ions and prevents the con- so For exam pie,, by restricting the magnetic writing stimulus 
version of the.smaller region 521of the aluminum layer, to a preferred portion of the changeable magnetic re- 
into an insulating layer in tunneling region 522'. In Fig. . . . gion, the magnetization reversal -prbc'esis can be inn- 
13c; following mask removal, ma gnetic tunnel junction \ -. • proved. Limiting the magnetic writing stimulus to a pre- 
device 509 results. haying; a tunneling region. 522* prox-. ;< . ferred portion of the changeable regjon can be accom- 
imate the middle, preferred portion of free layer 524, and ss . plished in accordance with . the. principles of the above- 
thicker, insulating regions 530 n and 530 2 outside.of this ;. incorporated U.S. Patent Application entitled "LIMITING 
preferred portion.. Therefore,, electrical tunneling only MAGNETIC WRITING FIELDS TO A PREFERRED 
occurs through the middle, preferred. portion of free re- ; ... , PORTION OF A CHANGEABLE MAGNETIC REGION 
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[0041] In addition, arrays of m ; ; 

arranged in parallel), as well as the other multiple junc- . T. A magnetoresistive device, comprising: 

tibn approaches can be employed as disclosed in the a first magnetic region formed in conjunction 

above-incorporated \J.S\ Patent Application entitled s with at least one other structure in said device, such 

"MAGNETIC MEMORY DEVICES HAVING MULTIPLE that upon magnetoresistive electrical interaction 

MAGNETIC TUNNEL JUNCTIONS THEREIN-" - therewith; said interaction occurs only through a 

[0042] Asymmetric cell arrangement and stimulus ap- preferred portion of said first magnetic region 

proaehes can also be used such as those disclosed in .-; ■ -, 

■ the above-incorporated U S Patent Application entitled 1Q 2. A magnetoresistive. device' of claim 1, wherein 

■INTENTIONAL ASYMMETRY IMPOSED DURING . : - the first magnetic region is changeable into ; 

FABRICATION AND/OR ACCESS OF MAGNETIC ' J one of at leasttwo substantially opposing magnetic 

TU N N E L JU N Ct ION DEVI <C ES. " states along ah axis thereof; and wherein said pre- 

[0043] The present invention provides an improve- ferred portion of said first magnetic region is cen- 

) meht ih the electrical performance of ev well- 7 5 tered about a;midpioiht of said axis: ' : : . ; : 
behaved magnetoresistive devices, since even in such 

we ||.behaved devices, the magnetically free regions 3. The magnetoresistive device of claim 2, wherein 
may not Uniformly assume a single one of two possible said preferred portion of said first magnetic region 
directions of magnetization By limiting electrical inter- is less than about 50% of the size bf said first mag- 
action only to preferred portions of the magnetically free 20 netic region measured in a first lateral, dimension 
regions, e g , the portions within whjch the magnetiza- parallel to said axis, 
tidn can be dependably f3red ■ \ '}? 
one of two substantially opposing directions, the per- 4. The magnetoresistive device of claim 3, wherein 
formance of the device is improved. . said preferred portion, is about 25% of the size of 
[0044] In summary-mag^ are dis- '25. said first magnetic region measured in said t\fs\ (at- 
.closed, which' . include a-*changeable ^magnetic region ;.. • - eral dimension parallel to said axis, 
within, which at least two magnetic states- can be im- • . . .. 

posed. Upon magnetoresistive i electrical interaction: with / i ■ The .magnetoresistive device of claim 1 , 2;, 3 or 4 
the deVice, the relative brientatioh of the magnetic states . >":•. wherein said at least one other structure in said de- 
of the changeable magnetic region, and a proximate ret- 30 Vice comprises an electrical- interaction region 
erence magnetic region, can be sensed thereby provid- smaller than said first magnetic region, and ar- 
mg a binary data storage capability The present inven- ranged in a conductive relationship to said preferred 
tion limits the electrical interaction to only a preferred portion of said first magnetic region thereby effect- 
portion of the changeable magnetic region, e.g., the pbr- irig said interaction only through said fDreferred por- 
,tibn within' which the two" magnetic; states can be de- 35 , •'• , : . tioh of said first rhagnetic. regioh, and not any re- 
pendably predicted to be substantially uniform, and op- maining portion thereof: 
posite of one another. Structur for limiting, the elect ri- - " \ ' ;. . V''.';". 
cal interaction to this preferred portion of the changeable 6. The magnetoresistive device of any of claims 1 to 
rhagnetic region are disclosed, and include smaller in- 5, wherein said at least one other structure in said 
teraction regions, and alternating areas of insulation and 40 device comprises an electrically insulating region 
conductive, interaction regions, disposed proximate the arranged in an insulating relationship to the remain- 
changeable magnetic region The principles of the mg portion of the first magnetic region but not the 
present invention can be applied to magnetic random preferred portion thereof, thereby effecting said m- 
access memory ("MR AM") arrays, which employ giant teraction only through said preferred portion of said 
magnetoresistive ( U GMR M ) cells, or magnetic tunnel first magnetic region and not any remaining portion 
junction ( M MTJ u )-cells/at the intersection^ thereof. • 
wordlines, and also to magnetic sensors such as mag- • 
netic data storage devices having access elements 7. The magnetoresistive device of any of claims 1 to 
used to access data on a magnetic data storage medi- 6, in combination with a magnetic memory, the mag- 
: um. : ' - ; " ^^v.*;.^^ ; : \ x \ ;■ sb\ n etoresisti ve dieVic e cbmp ri s in g a magnetic m emo- 
[0045] While the invention has been particularly ry eel! in said magnetic memory, the magnetic mem- 
shbwh "and described with re bry pomp r i s in g: V - .v : .'- ; " • ' "V : -.' : "'-'. : '" • 

bodimeht(s) thereof,- it .will - be understood- by -those- - - - -- - - - - - - - ^ — - — r - — 

skillecl ih the art that vafibus changed first and second plu ralities of crossing cbndu 

may be made therein without departing from the spir^ ; tive lines forrhihg a-jDlurality of intersecting re- 

and scope of the invention. gidns- and . =' \ " 

a plurality of magnetic;memo including 
said magnetic memory cell, each disposed at a 



15 



EP 0 936 624 A2 



16 



respective one of the plurality of intersecting re- 
gions and being accessed, by the respective 
crossing lines forming, its respective ..intersect-* 
. ing region. 

.8. The magneiore.sistive device of any of claiims 1to 
7, wherein: 

said preferred portion of said first nlagnetic re^. 
g i on com p ri s es a reg ion wh e r e in each jot t wp mag? . 
• • netic states, into which the first magnetic region js . 
changeable can be dependably predicted to be su6- 
, stantiajly uniform and pppo's it e : of. one another. 

9. A magnetoresistive ( device, comprising: 

a first planar magnetic layer changeable into 
each of two magnetic states, and 
an electrical interaction region smaller in lateral 
size than said first planar magnetic layer and 
positioned with respect to said first planar mag- 
netic layer to effect magnetoresistive electrical 
■ interaction only through a. preferred, porjioh of 

.v-said first planar magnetic layer- \- : \V| 

10. The magnetoresistive device of clairh 10, further 
" ' comprising: ; . '• . ."v 

. electrically insulting material positioned to . 
.. prevent said electrical interaction through said. re-, 
maining portion of said first magnetic layer. j 

11 A method for accessing a magnetoresistive device 
haying a first magnetic region changeable between 
at least two magnet .. 
. . ~\\ limiting.magnetpresistive electrical interaction 
to a preferred portion of said first magnetic region. 

12; The method of claim 12, wherein:. : 

" . said preferred portion of said first magnetic re- 
gion comprises a region wherein each of the two 
magnetic states can be dependably predicted to be 
. substant ially uniform and opposite of on e: andth er. 

13. ;the method of claim 12. or 13 wherein; 

said limiting includes using an electrical inter 
action region formed to effect said magnetoresistive 
. : electrical interaction ,orily through said, preferred 
. -portion of said first magnetic region and not any re- . 
.maining port ion thereof. - , 

14. The method of claim 14, wherein 

. , . said electrical jhtef action region is formed to 
be electrically conductive proximate said I preferred 
^portion _pf. said first mag netic re gion, and wherein 
said limiting -f urther includes using electrical insula- 
tion formed to prevent said magnetoresistive elec- 
trical interaction through said remaining portion of 
said first magnetic region. 
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15.. A method for forming a magnetoresistive device, 
comprising: 

forming ah electrical interaction region through 
, . which magnetoresistive electrical interaction 
will occur upon access of said device;, and 
forming a first magnetic layer changeable into 
each of at least two magnetic states proximate , 
to, and larger than, said electrical interaction re- 
=; ; ;gipn such that upon said access said magne- 
/ , tpresistive electrical- interaction will occur. only 
. .* I , ' ,through.a preferred portion of said first magnet- 
v.ic Jayer determined by.the resuitaht position of 
. the electrical interaction; region proximate to 
which said large r:firsrmagne tic layer is formed. 



16. The method of claim 16,.wherein said forming an 
electrical interaction region includes: 

decreasing, ari'electrically insulative effect in 
2Q - '.. aVgivien region of an otherwise insulating region 
thereby forming said electrical interaction region in. 
' said given region. . .. 

17. The method of claim 17,. wherein said decreasing 
■ 25 . the electrically insulative effect. in, said given region 

includes providihg'ie.ss electrical insulation in said 
given region. . 

18;' the method; of claim 16, 17, or 18, wherein -said 
30 ' forming the electrical interaction region includes: 
forming electrical insulation in areas at least 
partially, around said, electrical interaction region to 
. .. prevent said magnetoresistive electrical interaction 
. in said areas around said electrical interaction re- 

35 . gion. 

19. The method of claim 1 9, wherein said forming elec- 
trical insulation. includes depositing said insulation 
. in Said areas at. least partially around said electrical 
40 interaction region! 



20. ;The method of claim 20, wherein said forming elec- 
trical insulation includes ion implanting said areas 
at least partially around said tunneling region to 
• .-. convert said areas from an otherwise non-ihsujating 
. material into ah insulating material, while isolating 
said tunneling region from said ion implanting, 
* thereby maintaining an electrically conductive char- 
acteristic of said electrical interaction region. 
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